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SUMMARY
Aim and objectives. The aim of this study was to analyze the changes of the posterior denti-
tion during Class II correction with the crown Herbst appliance (cHerbst) and intermaxillary 
Class II elastics.
Sample. Class II patients were divided into 2 groups: those who were treated with the cHerbst 
appliances (n=40, mean age 14.1±1.3) and those who were treated with fixed appliances and 
Class II elastics (n = 20, mean age 16.7±2.7).
Materials and methods. The scans of pre- and post-treatment casts the patients were super-
imposed and registered using the freeware Blender 2.67. The linear measurements in the an-
teroposterior, transversal and vertical planes along with the rotation angles of the first molars 
were assessed.
Results. In the cHerbst group clinically significant derotation (13.8±5.0°) and distalization 
(3.2±1.2 mm) of the upper first molars were recorded compared to the intermaxillary Class 
II elastics group (4.2±5.5°, -0.3±1.5, respectively). In the cHerbst group the second and first 
premolars followed the distal movements of the upper first molars. The premolars expanded 
slightly more than the molars in both groups. The posterior teeth extruded in both groups, ex-
cept the molars in the cHerbst group.
Conclusions. The crown Herbst appliance is significantly more effective in molar derota-
tion and distalization than intermaxillary Class II elastics.
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INTRODUCTION
During the last decades a wide range of fixed 
and removable functional appliances have been 
developed for correction of Class II malocclu-
sion. A current trend in Class II management has 
shifted towards non-extraction treatment and fixed 
functional appliance usage (1). In 1979 Pancherz 
(2) reintroduced the Herbst appliance, which was 
considered to require less compliance. The main 
disadvantages of the traditional Herbst appliance 
were the high production costs and breakage rates 
(3). Therefore, Class II elastics remained as the most 
used treatment modality for Class II correction.
The effects of the Herbst appliance have been 
published extensively in the literature (4-11). The 
distal movement of the upper molars has shown 
to have a significant contribution in the molar re-
lationship correction (4, 5, 8), especially in adults 
(6, 7) when treating with the Herbst appliance. On 
the contrary, the cephalometric studies suggest that 
Class II elastics in conjunction with fixed appliances 
do not distalize the upper molars (11-14). However, 
some derotation due to the molar tube prescription 
might be expected. 
A few studies on the treatment effects of the 
Herbst appliance has been performed on the dental 
casts (9, 15-17). The digital models have a capac-
ity to offer a quantifiable, directional, accurate and 
reliable way of assessing dental change without 
exposure to radiation provided that they are su-
perimposed and registered in space (18, 19). In a 
previous study, the method based on the surface 
to surface matching technology using the palate 
as reference area for superimposition of 3D digital 
casts was demonstrated to be clinically as reliable as 
cephalometric superimposition for assessing ortho-
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dontic tooth movements (19). 
Unfortunately, the same stable 
reference for the mandible is 
not available if a patient has not 
a mandibular torus (20).
The aim of the present 
study was to evaluate the im-
mediate effects of the crown 
Herbst appliance and the Class 
II elastics on the posterior den-
tition using 3D model superim-
position. 
M A T E R I A L S  A N D 
METhODS
 
This study was approved by 
the Ethics in Research Commit-
tee of the Riga Stradins Univer-
sity. In the study were included 
all consecutive patients from 
the private clinic by one of the 
authors (D. L.) and who had at 
least half cusp Class II molar re-
lationship and started treatment 
from February 2012 to October 
2012. The crown Herbst appli-
ance (Figure 1) was placed in 42 
individuals. Later 2 individuals 
were excluded from the study 
sample due to dental impac-
tions and underwent surgical 
intervention. The final study 
sample (cHerbst group) con-
sisted of 23 girls and 17 boys 
with the mean age of 14.1±1.3 
years, ranging from 11.9 to 16.9 
years. The design and clinical 
management of the appliance 
has been described before (21). 
In cases of Class II division 2 
(n=25) fixed appliances were 
placed to convert division 2 into 
division 1. Class I or overcor-
rected Class I relationship was 
achieved in all cases. Duration 
of the functional treatment was 
11.7±1.2 months.
In the Class II elastics 
group were included 20 indi-
viduals (6 males/14 females) 
who refused to have the Herbst 
appliance due to several reasons 
and who’s treatment was started Fig. 4. Assignment of the cast planes
Fig. 3. Digitization of the medial rugae on each cast
Fig. 1. The crown Herbst appliance
Fig. 2. Molar and premolar landmarks. A – facial axis (FA) point of the molar and cor-
responding axes (X, Y, Z). B – facial axis of the clinical crown (FACC or Z axis) and 
X axis of the molar. C – frontal cross-sectional view showing the Y axis of the molar. 
D – occlusal views of the premolar and molar points on the pre-treatment (blue) and 
post-treatment (green) casts.
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at the same time. In the Class II 
elastics group the mean age was 
16.7±2.7 years, ranging from 
13.4 to 22 years. In this group 
0.022 slot brackets with 7° dis-
tal offset for the 1st molar tubes 
were used. The Class II elastics 
(4 ½ oz. or 6 oz.) were pre-
scribed for the full-time wear 
when the 0.019×0.025-inch 
stainless steel arch wire was 
inserted in the upper arch. The 
mean treatment time with the 
elastics was 9.5±3.6 months and the total treatment 
time was 25.6±4.0 months. Sixty sets of pre- and 
post- treatment casts were scanned with the 3Shape 
R700™ Scanner using the ScanItOrthodontics™ ap-
plication (3Shape, Copenhagen, Denmark). The cast 
superimpositions and measurements were done by 
the first author (I.G) using a freeware Blender 2.67 
(Blender Foundation, Amsterdam, Netherlands). 
The superimposition technique was as follows: 
1. Digitization/registration of points: Two 
different sets of points were assigned: the 
measurement points and the registration 
points. The measurement points were: the 
molar facial axis (FA) points as described 
by Andrews (22) and the premolar groove 
points. The molar planes were placed ac-
cording to the facial axis of the clinical 
crown (FACC) along the buccal groove 
while straddling the buccal surface (Figure 
2A-C). The use of FACC for superimposi-
tion procedures of 3D models was previ-
ously proposed by Cho et al. (23) The pre-
molar points were the deepest mid-points in 
the groove between the buccal and lingual 
cusps (Figure 2D). The registration points 
were 3 points along the medial part of the 
third rugae which were registered on each 
cast separately (Figure 3). 
2. Assignment of the cast planes. First, the 
midsagittal plane was defined by a line 
crossing through mid-palatine raphe and 
incisive papilla. The anteroposterior and 
the vertical/horizontal planes were then 
dropped perpendicularly to the midsagittal 
plane. All the planes intersect in the mid-
point of the digitized medial rugae points 
(Figure 4). 
3. Superimposition: the registered medial rugae 
points were brought together and aligned in 
all planes to overlap each other (Figure 5A, 
B). Finally, a stable mid-palatine surface 
A B
Fig. 5. The superimposition process. A – the points of the pre-treatment cast are moved together 
with its registered cast to align with the points of the post-treatment cast and its registered cast. 
B – points are aligned together rotationally in all 3 planes, until the best fit among all corre-
sponding points is achieved. Because the points are registered to the casts, any movement or 
rotation of thee points move or rotate the cast. C – the posterior palatal vault region (minimum 
area 5×5 mm) is used to correct and/or confirm the palatal inclination and height discrepancies.
Fig. 6. Final superimpositions. A – occlusal view. B – sagittal view. 
C – frontal view. The cursor is situated at the same place in all views.
Fig. 7. Graphical presentation of the measurements between 
the reference points of each cast set in the anteroposterior and 
transversal planes. Red dots represent the reference points 
on the pre-treatment casts and the black dots represent the 
reference points on the post-treatment casts.
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area (19) was used to 
confirm or correct the 
alignment of both casts 
(Figure 5C). 
With the completion of the 
superimposition (Figure 6) the 
scans were registered. The linear 
measurements were obtained as 
the distances from the measure-
ment points to the cast planes 
(Figure 7). The angular measure-
ments were calculated between 
the molar planes and cast planes.
Statistical analysis
The samples were tested 
for the normality of distribution 
by the means of Shapiro-Wilk 
test. As the samples revealed 
normal distribution, parametric 
statistical tests (independent t-
test and Pearson`s correlation) 
were performed. 
Post-hoc power calcula-
tion was performed for two 
independent samples based on 
the sample sizes and the mean 
change of the distal movement 
of the molars in the cHerbst and 
Class II elastics groups. The 
power was 100 percent at an 
alpha level of 0.05. 
Method error
In order to check the reli-
ability of the superimposition 
technique, 20 of the 60 sets of 
casts were chosen randomly, re-
superimposed and re-measured 
after at least 2 weeks. Dahlberg’s 
calculation and Houston’s esti-
mate of systematic error were 
computed to detect random and 
systematic errors, respectively, 
for the reference points’ identifi-
cation. The random error ranged 
from 0.03 mm for the intermolar width to 0.85 mm 
for the upper first molar distance to the 3rd rugae 
perpendicular. No systematic error was detected. 
The reliability of the superimposition technique and 
measurements was assessed using intraclass correla-
tion coefficient (ICC). The ICC of the measurements 
showed the values from 0.762 for the vertical change 
of the first molars to 0.989 for rotation measurements.
Table 1. Pretreatment parameters of the dental casts (independent t-test)




Mean SD Mean SD
RMR (º) 100.1 6.1 99.3 5.9 0.623
LMR (º) 100.3 6.2 99.6 6.0 0.660
Distance from the 3rd rugae perpen-
dicular to the midsagittal line to:
  MR (mm) 11.2 2.2 11.4 1.4 0.754
  ML (mm) 11.0 1.9 10.7 1.5 0.475
  PR2 (mm) 4.4 1.9 4.6 1.5 0.877
  PL2 (mm) 4.2 1.9 3.9 1.7 0.490
  PR1 (mm)* 2.3 1.3 2.3 1.6 0.824
  PL1 (mm)* 2.5 1.4 2.9 1.7 0.472
IMW (mm) 54.5 2.8 54.5 2.4 0.875
IPW2 (mm) 39.8 2.9 39.9 2.5 0.754
IPW1 (mm) 35.5 2.4 35.5 1.7 0.719
RMR, Rotation of the first molar to the midsagittal line right side ; LMR ,Rotation 
of the first molar to the midsagittal line left side ; Distances from the 3rd rugae per-
pendicular to the midsagittal line to: MR - the first molar right side ; ML, the first 
molar left side; PR2 ,the second premolar right side; PL2, the second premolar left 
side; PR1 , the first premolar right side;  PL1, the first premolar left side; IMW, Inter-
molar width; IPW2,Inter-premolar width (2nd); IPW1, Inter-premolar width (1st).
* The first premolars were situated above the 3rd rugae points.









Mean SD Mean SD Mean upper lower
 RM (º) 13.8 5.0 4.2 5.5 9.6 7.5 11.7 0.000
Antero-posterior changes
  AM (mm) 3.2 1.2 - 0.3 1.5 3.4 2.9 4.0 0.000
  AP2 (mm) 1.8 0.8 - 0.5 1.3 2.3 1.9 2.7 0.000
  AP1 (mm) 1.5 0.7 - 0.1 1.2 1.6 1.3 2.0 0.000
Expansion 
  EM (mm) 1.0 0.7 0.5 0.8 0.6 0.3 0.9 0.001
  EP2 (mm) 1.7 1.2 0.9 0.9 0.9 0.4 1.3 0.000
  EP1 (mm) 1.3 0.9 0.7 0.9 0.6 0.2 1.0 0.002
Vertical changes
 VM (mm)  - 0.3  1.0 0.3 1.1  -0.6 - 1.0 -0.2 0.008
 VP2 (mm) 0.9 0.6 0.3 0.9 0.7 0.4 1.0 0.000
 VP1 (mm) 1.2 0.6 0.9 0.9 0.4 0.1 0.7 0.013
Positive values indicate distobuccal rotation, distalization, expansion and extrusion; 
negative values mean mesiobuccal rotation, mesialization contraction and intrusion. 
RM, Rotation of the first molar; AM, Antero-Posterior 1st molar; AP2, Antero-
Posterior 2nd premolar; AP1, Antero-Posterior 1st premolar; EMR, Expansion 1st 
molar; EP2, Expansion 2nd premolar; EP1, Expansion 1st pre-molar; VMR, Vertical 
1st molar; VP2 , Vertical 2nd premolar; VP1 Vertical 1st premolar
Table 3. Pearson’s correlation coefficients for the movements 





Transverse movements 0.295** 0.415**
**p≤0.01
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initial force from the rods and sleeves was pushing 
the upper molars backwards to some limit, which was 
about 3 mm, and the rest of correction was achieved 
by skeletal correction or movement of the lower 
dentition. The observed 0.3 mm anterior movement 
of the upper molars in the Class II elastics group was 
in accordance with the cephalometric studies (11-13).
It is known that in Class II patients often the 
upper molars are mesially rotated, and derotation 
of the upper molars would help in correction of 
Class II (25) and provide about 2 mm of space in 
the upper arch per side. Our results clearly showed 
an association between rotation and anteroposterior 
movement of the molars (Table 3). In the cHerbst 
sample a slight extrusion of the premolars was re-
corded (Table 2). This could facilitate establishment 
of intercuspidation already during the functional 
phase. These findings suggested that the design of 
the crown Herbst appliance had a large advantage 
over other Herbst designs, because it was not at-
tached to other constructions. Several studies (5, 16) 
have stressed the importance of stability of occlu-
sion in preventing relapse after Class II correction. 
In the present sample, expansion was recorded 
at the premolar region for both the cHerbst and 
Class II elastic groups. The relative constriction of 
the maxillary arch related to the mandibular arch in 
Class II malocclusions is a common finding (26). 
Thus, some expansion is needed to compensate for 
the sagittal correction. Hansen et al. (17) showed 
expansion of the dental arch up to 3 mm at the molar 
region and only 1.5 mm at the premolar region. In 
contrast, we observed about 1.5 mm of expansion per 
side for the premolars and 1.0 for the molars, which 
corresponds to Valant and Sinclair findings (9).
A clinically insignificant extrusion of the upper 
molars was recorded in the Class II elastics group, 
and that compares favourably with the other stud-
ies (11-13), who observed significant extrusion of 
the upper molars about 2 mm. In addition, a slight 
intrusion of the upper molars was recorded in the 
cHerbst group. It had been emphasised before that 
the high - pull headgear effect of the Herbst appli-
ance prevents the mandibular plane rotation (10, 11).
The study has several limitations. First, the ages 
of the patients are different in the groups and the 
treatment lengths vary. However, it has been reported 
that the posterior upper arch length decreases only by 
about 0.5 mm between the ages 13 and 16 as a result 
of normal development (27). The rugae points used in 
this study have been reported to be stable at that age 
(18, 19, 24). The other limitations of this study are 
the lack of the post-treatment observation period and 
no information about the distal tipping of the molars. 
RESULTS
The comparison of the starting forms is present-
ed in Table 1. There were no statistically significant 
differences among the dental cast measurements in 
the groups before treatment. The differences in the 
dental movements produced by the appliances are 
presented in Table 2. The Herbst appliance produced 
statistically significantly more distal rotation com-
pared to Class II elastics (9.6°). It also produced the 
distal movement of the molars (mean 3.4 mm, 95% 
CI 2.9 to 4.0) and premolars compared to Class II 
elastics. The distal movement of the molars in the 
cHerbst group contained a rotational component. 
Table 3 shows moderate correlations of the distal 
movements with rotations and expansion. In con-
trary to the distal movements, the buccal movements 
of the molars were smaller than of the premolars in 
the cHerbst group. In the cHerbst group the upper 
molars on average intruded (-0.3±1.0 mm) while 
the premolars in the cHerbst group and all posterior 
teeth in the Class II elastics group extruded. 
DISCUSSION
As all the consecutive patients were included in 
the study it can be assumed that the study population 
is representing average Class II patients assigned to 
nonsurgical and non-extraction Class II treatment. 
The sample was analyzed by a postgraduate student 
who was not aware of the treatment methods or the 
objectives of the study prior to the measurements 
being completed. 
In this study the ICC values were higher compared 
to the previous studies (18, 19). The higher values can 
be accounted for the superimposition technique used 
in this study, which was done manually in contrast to 
auto-fit in other studies (18, 19, 23, 24). An important 
advantage of this method is the use of freeware instead 
the commercial software (18, 19, 23, 24).
The mean distal movement of the upper molars 
was 3.2 mm, which is very close to the findings re-
ported for the cHerbst appliance (8) or the banded 
Herbst appliance (4). However, these comparisons 
should be done with caution because of differences 
in the reference points for measuring the position of 
the molars: mesial contact point or mesiobuccal cusp. 
Depending on the design of the Herbst appliance, 
the position of the points could be changed by distal 
rotation rather than bodily movement of the molars. 
The narrow CI for distalization of the molars in 
the cHerbst group was somewhat surprising because 
the patients were representing a population with dif-
ferent growth potential. Our results suggested that the 
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On the other hand, a previous cephalometric study 
(8) has reported the short and long-term changes in 
the inclination of the upper first molar after Class II 
correction with the crown Herbst appliance. 
CONCLUSIONS
The crown Herbst produces clinically more sig-
nificant derotation and distalization of the maxillary 
molars compared to Class II elastics; 
In the crown Herbst group the premolars fol-
lowed the molars distally; 
The posterior teeth in both groups extruded, 
while in the cHerbst group the molars intruded.
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maxillary Central Incisor Root Resorption due to Canine 
Impaction after Trauma. Is the Canine Substitution for 
maxillary Incisors a suitable Treatment Option? 
Two Case Reports
Cinzia Maspero*, Andrea Fama*, Guido Galbiati*, Lucia Giannini*, Laima Kairyte*,  
Luca Bartorelli*, Marco Farronato*
  SCIENTIFIC ARTICLES
SUMMARY
Objective. Canine impaction is a dental anomaly involving intraosseous displacement of 
the unerupted tooth. This situation is of significant importance causing orthodontic, surgical 
and interceptive problems. Trauma in the incisor area is a possible cause of the displacement 
of the tooth bud of the permanent canine resulting in the deviated eruption path. The aim of 
this article is to present two clinical cases with diagnosis of maxillary canine displacement and 
impaction in the incisor region after a traumatic injury during childhood, discussing treatment 
possibilities and outcomes achieved after orthodontic treatment.
Materials and methods. In this article ectopic maxillary canines migration in the central 
incisor area after a traumatic injury to the anterior upper teeth are described. The path of eruption 
of the canine can cause severe central incisor root resorption. Treatment strategy established 
for the case reports described involves orthodontic space opening, extraction of the central in-
cisor, uncovering the impacted canine and orthodontic traction of the tooth in place of central 
incisor. Modification of crown morphology and color were essential to obtain an aesthetic and 
function outcome.
Results. The patients finished treatment with normal and stable occlusion, an adequate 
width of attached gingiva and good aesthetic results.
Conclusion. Authors suggest that might have been a possible connection between the trauma 
of primary dentition causing the displacement of the tooth bud of permanent canine and the 
deviated path of eruption. For the growing patients with a combination of dental trauma and 
ectopic eruption, maxillary canine to replace a central incisor was a viable option, offering 
excellent aesthetic results without recourse to prosthetic replacement.
Key words: impacted maxillary canines, root resorption, ectopic eruption.
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Canine impaction is a dental anomaly involving 
intraosseous displacement of the unerupted tooth. 
This situation is of significant importance causing 
orthodontic, surgical and interceptive problems.
The permanent central incisor is considered one 
of the most important teeth in terms of aesthetics 
while the position of the permanent maxillary canine 
at the angle of the dental arch is important both in 
maintaining the symmetry, the harmony of occlusal 
relationship and from the functional point of view.
The maxillary canine is the second most fre-
quently impacted tooth, with a prevalence ranging 
between 1% and 2% (1). 
The aesthetic and functional importance of ca-
nines requires an early diagnosis in order to recognize 
tooth displacement and to predict the resulting failure 
in eruption. For this reason, eruption process should 
be monitored in order to identify the etiological fac-
tors that lead to impaction of the maxillary canines 
(2). The process causing the deviation of the erup-
tion path seems to be related to the lack of guidance 
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